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ABSTRACT OF THE DISCLOSURE 
Tho invontion involvoo a A sensor dovico arrangement which contains for 
a vehicle control system, comprioing comprises a buffer for geographic 
information, whereby the geographic information is suitable to describe at 
least one possible route of the vehicle ^, an An input interface to ooloct selects 
subsets of the geographic information stored in the buffe r, whoroby tho 
ooloction io offoctod by tho provision of in response to at least one position- 
related parameter which is entered at the input interface^ — An output 
interface to ooloct selects subsets of the geographic information corresponding 
to the parameter values provided, whoroby tho output information io oont 
which subsets are transmitted for further processing in the vehicle control 
system. 
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SENSOR DEVICE FOR A VEHICLE CONTROL SYSTEM 



BACKGROUND AND SUMMARY OF THE INVENTION 

f 00011 This application claims the priority of German patent document 102 44 329.7. 
filed September 23, 2002 (PCT Intemational Application No. PCT/EP2003/0972n, the 
disclosure of which is expressly incorporated by reference herein. 



system. A sensor is an electronic component which converts quantifiable values into electric 
signals, reporting them for additional computer-assisted processing. 



in the vehicle and support the driver in critical situations, increase driving comfort, or reduce 
fiiel consimiption and rise environmental pollution as a r e sult . A system to increase driving 
comfort may be a radar-supported, automatic headway control. An example of a A method to 
reduce fiiel consumption is a gear change-adapted system, i.e., optimal automatic gear 
changing for minimal fuel consumption. 

100041 While such systems fimction reliably in normal situations, difficulties may appear 
under certain circmnstances. Thus, with radar-supported[[,]] automatic headway controls 
problems may arise in curves or with objects[[,l] like bridge piers if the radar signal is only 
available to interpret one object configuration. With the gear change-adapted method only 
actual values are available, like such as an instantaneous turning moment^ to derive a moment 
value for the a gradient or else an instantaneous steering angle deflection to derive a moment 
value of the curve. Therefore, a "projection" of future values^ and thus an estimate of a future 
evolution^ are not possible. 

[00051 The availabiUty of geographical information stored in digital road maps 
represents an opportimity of providing vehicle control systems with additional, more 



[00021 



This invention relates to a sensor arrangement device for a vehicle control 



[0003T 



Modem vehicles have a variety of sensors, which in some cases are incorporated 
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versatile, information. Such a systom is dosoribod in For example, German patent document 
DE 37 00 552 Al . H e reby discloses a vehicle-based navigation system^ with which includes a 
digital road map includes and additional vital information^^Ws that informati on is used upon 
reaching the assigned geographical position and/or is to used control systems in the vehicle. 
By outputting the information and/or controlling the system in the vehicle, automatically 
collected driving and environmental information, like speed, can be considered. 
[00061 European patent docimient EP 1 111 336 Al describes a procedure for the 
universal application of a digital roadmap, whereby in which routes are stored in the digital 
roadmap in the form of edges and nodes to control the vehicle. Beginning at ti%e a current 
location of the vehicle^ various possible routes are calculated. In the process an "electronic 
horizon" is created whose extension is dependent on the type of each route ahead. The 
geographic information assigned to each route within the electronic horizon is stored in a 
buffer. The geographic information stored in the digital road map may vary in accuracy^ m 
ord e r to be used for different vehicle control systems^ . This is eff e cted by and is 
correspondingly id e ntifying the information identified . The information stored in a buffer is 
supplied to the vehicle control system by a broadcast mechanism (transmission via a vehicle- 
based network). Each system is configured in such a way that it only receives the 
information required by the vehicle. 

[00071 The use of geographic information stored in a digital roadmap, however, entails 
several disadvantages. On the one hand, digital roadmaps are designed and correspondingly 
optimized especially for vehicle navigation. In the present case, navigation is not the main 
reason for using the digital roadmapi^-but rather^ Ae it performs a "storage fimction" ef for 
geographic information which is used to operate ^ vehicle control systems. At th e same 
tim e , th e The digital road map includes much information that is not needed in this field of 
application. {Reference is made here to Figure 1.) ff only geographic information to operate 
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the vehicle control systems is called for, unnecessarily expensive storage space is used, 
which in turn requires the installation of expensive devices in the vehicle for such an amount 
of data, e.g., a CD ROM or DVD player. The information actually required informati on 
could be stored in an economical memory chip instead. In addition, an expensive, vehicle- 
based navigation system must be incorporated to operate the digital roadmap, even in cases 
where such navigation system is actually not needed, e.g., if the vehicle uses a centrally- 
based navigation system. 

100081 In addition, as shown in European patent docimient EP 1 111 336 Al, for 
instance, extensive and complicated configuration, and transmission and reception 
operations are necessary to make the geographic information available to the vehicle control 
systems. The reason is the "Hmiversal" use of only on e the same digital roadmap for different 
vehicle control systems. On the one hand, this increases both the vohuneof data traffic in the 
vehicle's intemal network[[,]] £e.g.^ the CAN zz [[Q]"Controlled Area Network"), as w e ll as 
and the complexity of the corresponding system stmcture. On the other hand, it is also fault- 
prone, not allowing for a separation between comfort functions and safety critical functions, 
wh e reby so that the geographic information provided turns out to be unreliable for use in 
vehicle control systems. 

[00091 The task imderlying this One object of the present inventio n, therefore, is to 
provide a vehicle control system with required geographic information in an easy, economic 
and stable manner. 

[00101 According to this inv e ntion, th e task is solv e d by th e sensor d e vic e charactorizod 
in Claim 1 . Th e subsequ e nt claims involv^ e advantag e ous developments and improvements of 
this inv e ntion. 

[00111 This and other objects and advantages are achieved bv the sensor arrangement 
according to the invention, in which a The e ssenc e of this invention consists of a goo graphic 



3 



Attorney Docket No. 095309.56021 US 
Marked Up Substitute Specification 

informati eft storage buffer is provided for geographic informatio n, whereby th e goographic 
informatio H that is suitable for describing one or more vehicle routes, using an An input 
interface is provided for to s e lect selecting a subset of the geographic information stored in 
the buffer, whereby the such selection iB being activated by providing at least one parameter 
value at an ttie input interface^ , as w e ll as an An output interface to output outputs the subsets 
of geographic information corresponding to the provided parameter values, whereby th e 
output data is and the latter are sent for further processing in the vehicle. In other words, 
neither a digital roadmap nor a '"navigable" (suitable for vehicle navigation) data set is 
required. Not even a navigation system to control the digital roadmap is required. 
[00121 According to this invention only a geographic information buflFer cache is 
provided. ^fiAs The buflFer records stores geographic information suitable to describe at least 
one possible reut route, which wholly or partially corresponds to a route from a starting to an 
arrival point. This procedure at the some time ofiTers several advantages; . It is For the first 
time^ a complete separation between geographic information provided for use in vehicle 
control systems and geographic information used for navigation has been implemented. This 
is a Gtrildng an important advantage in safety critical vehicles, for instance. 
[00131 This aspoot in particular is In a further dovolopod advantag e ously if embodiment 
of the invention , the geographic information used by safety critical vehicle control syst e ms 
system can be is certified, (i.e., it is specially checked by state agencies or other trustworthy 
institutions}. A In contrast, commercially available digital roadmap is not certified, nor could 
it possibly be^ certifi e d due to the huge amoimt of data it contains. A mixture of certified and 
uncertified information, which would be questionable from the safety point of view, is 
effectively prevented by the invention-related isolated buffer cache for certified geographic 
information used by safety critical vehicle control systems. 
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[0014] A further advantage of the separation between the geographic information 
foreseen intended for use in vehicle control systems and the geographic information used for 
navigation^ is the independence th e r e by obtain e d by which it gives the vehicle manufacturer 
from navigation systems producers. Navigations systems, as electronic consumer goods, are 
subject to a quick production s equ e nce cycle and constant advancements. Thus, with every 
new generation of navigation systems used in vehicles^ new adaptations are required, {e.g., of 
the interfaces and of checks and functional tests, especially with safety critical vehicle control 
systems). Such advancements in navigation systems, however, only involve onlv the 
navigation function, as the provision of geographic information for vehicle control systems is 
all but a "secondary task" of a navigation system. The input and output interfaces of the 
invention-related sensor device, which constantly remain the same, represent significant cost 
and labor savings. 

fOOlSI Another advantage of the invention in particular consists of its use in commercial 
vehicles^ . Commercial vehicl e s which usually drive along only one or a few routes^ 7 
Th e refore, so that a comprehensive digital roadmap is unnecessary in a comm e rcial v e hicle . 
In addition, commercial vehicles usually do not use a vehicle-based navigation system, since 
the drivers generally know the few routes to be driven along very well, and centrally based 
navigation and management systems are frequently used, e.g., "Fleetboard™" by the Daiml e r 
Chryslor DaimlerChrvsler Company. Due to the cost pressure in the transport business, 
vehicle-based navigation systems have had to be dispensed with, and no geographic 
infomiation could be used in the vehicle control system. This invention remedies that 
problem. 

[00161 Commercial vehicles in particular usually have additional other control devices. 
For example, in In addition to the centrally based navigation and management system already 
in use, in the near future it will be compulsory to outfit heavy commercial vehicles with a 
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device to calculate the road impact fee^ . Such dovicos comprise th e which will require a 
calculator and additional sensors incorporated in the invention-related buffer. Thes e 
additional The sensors are especially for positioning, e.g., with GPS ("Global Positioning 
System") , and . Further additional sensors are used for monitoring and correcting of 
positioning errors, £e.g., in an odometer or an electronic gyroscope}. Furthermore, applianc e s 
devices to commimicate with extemal units are provided by means of GSM ("Global System 
for Mobile Communications") or DSRC ("Dedicated Short Range Communication" short 
range commimications), for instance. Actually, positioning itself is carried out through these 
appliances devices . 

[00171 In a further embodiment these applianc e s devices are advantageously assembled 
in a single packaged circuit. Thus, at least some of the additional sensors, the calculator and 
the invention-related sensor device form a compact, are standardized and therefore low cost 
telematics platform. Li addition to the invention-related sensor device it the platform 
comprises the in-vehicle component of a centrally based navigation and management system 
and/or the road impact fee calculator. 

f 001 81 According to this invention, one or s ev e ral more position-related parameter 
values are provided at the input interface of the buffer to select a subset of the stored 
geographic information. Further advantageous advancements allow for other parameter 
combinations in addition to the cxuxent position of the vehicle. In particular these are partial 
sections of the current route or geographic area, which is provided by a centrally based 
navigation system. A geographic area is formed by a "funnel" opening arovmd the current 
vehicle position, whose size depends on the vehicle speed and whose opening angle depends 
on the vehicle direction. Here a variety of possibilities exists depending, in particular, on the 
type of the vehicle control system. The connection of the input or output interface of the 
buffer to the vehicle-based data network[I,]l (e.g., CAN ~ [[(]] "Controlled Area Network") is 
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thereby advantageous. This way, an especially easy transmission of the required additional 
sensor values and/or geogr^hic information is possible. 

[00191 Alternatively, an additional calculator (e.g.. a vehicle computer or control device) 
can be provided in the vehicle to control the invention-related sensor arrangement devic e ean 
b e provid e d , so that the sensor d e vic e arrangement has its own calculator to determine the 
position-related parameter values, ergr^ — a vehicle computer or control dovioo . The 
incorporated calculator can directly process additional sensor data^ and thus determine the 
position independently. In another embodiment the incorporated calculator selects the next 
partial section of a route determined by a centrally based navigation system. Here a variety 
of embodiments is possible. Naturally the calculator and the sensor device can th e r e by also 
be designed as one a single stmctural unit. In addition, a sensor device can be assigned to 
each vehicle control system. Alternatively one sensor device can be used by several vehicle 
control systems. In the process one or s e v e ral more incorporated calculators can again be 
provided. Any such combinations are thereby possible. 

[00201 It is advantag e ously Advantageouslv. proposed, that the invention-related sensor 
device bo arrangement is designed as an "intelligent" sensor^ . An intellig e nt sensor enables 
an especially easy use based on the "plug & play" (self- configuration without additional 
adaptation) principle. 

[00211 According to the invention, the geographic information stored in the buffer is not 
all-purpose information for navigation, for the vehicle control systems operations or for other 
purposes; , but th e y are rather it is e specially provided especiallv for the operation of one or 
s e veral more vehicle control systems, instead. Thereby a significant reduction of the extent of 
the required data results, as there is no need for the data to be suitable for navigation. 
[00221 In an especially advantageous advanc e ment a embodiment, the storage format ef 
such a type is chosen used for the geographic information stored in the buffer is a tvpe> which 
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requires very little storage space and, in particular, is highly accurate. Since it is not suited for 
navigation, such a data format has go far not been used previously for ^ storage of 
geographic information in a vehicle. This innovative data format basically turns away from 
the usual reproduction of sections of a digital roadmap using edges and nodes. Especially for 
non straight nonlinear route sections, like curves, Aat the latter type of reproduction is 
inaccurate and requires a great deal of storage space^ . Th e r e ason for it is that bends because 
curves usually have the form of circular arcs or the form of a clothoid (Comu spiral). 
Clothoids, or even curves whose curvature increases proportionally with the arc length, are 
used as a transition between circular arcs and straight sections or between two circular arcs. 
By means of a parameter-based description of non-straight route sections as a circular arc or a 
clothoid or a spline, enormous storage space is saved, since only the corresponding 
parameters must need be stored. At the same time, the accuracy of the geographic information 
is significantly increased, since no fault-prone "approximate solution" in the form of an 
approximation with edges and nodes is stored. Instead the exact reproduction is stored in the 
buffer. In addition, the access to the geographic information is accelerated and the assigned 
processing unit is relieved of calculating tasks. 

100231 According to &is ttie invention, only one or a few routes for the vehicle will be 
stored in the bufiFer. As already shown, this invention arrangement is especially advantageous 
in commercial vehicles. But from time to time it is necessary to provide new geographic 
information, not stored in the buffer theretofore, for example when go far. — Naturally this 
becomes neo e GGar>^, if completely new sections or routes are to be provided to the vehicle 
control systems, rbut — also for cas e s The same is also true when changes have been made to 
the alr e ady stored routes and due to road works or construction the geographic information in 
the buffer must bo changed . These changes are made in an especially easy way, if the buffer 
can be overwritten. It is advantageous, if the geographic information is partially or 
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incrementally or completely changeable and the various changes can be easily made. 
Naturally, these possibilities are based on the calculation code stored in the incorporated 
calculator potentially associated with the sensor device. 

[00241 In another especially advantageous embodiment the buffer is designed as a flash 
ROM. Changes can thus be made comfortably without the risk of erroneously deleting the 
geographic information. The change is made by means of a data line connected to the buffer, 
which is accessible via an appropriate interface, hi a further embodiment the buffer is 
designed as a mobile ram which is easily inserted by the vehicle driver into a bracket and so 
made accessible to EDP. 

[00251 Because of the high certification e xpens e s such certified geographic information 
is relatively expensive to produce and to acquire^ . Thus the use of large amoimts of data, 
(e.g., a digital roadmap}, is hardly promising. On the other hand, such a mechanism is ideally 
supported by an overwritable buffer, as only one or a few routes are stored. It thus involves 
only moderate costs to keep up with the state of the art. This way, a reUable vehicle control 
system furnished with geographic information is always guaranteed. 

[00261 The vehicles furnished with geographic information by the invention-related 
sensor are basically best operated on highways. In built-up areas^ the traffic flow is basically 
influenced by the vehicles dynamics due to traffic lights and intersections and thus a 
reasonable use of the of the system in the vehicle is impeded. Therefore only countryside- 
related geographic information is advantageously stored in the buffer. 

[00271 Niunerous vehicle control systems benefit from being furnished with geographic 
information systems. On the one hand, the functions of already existing systems (for example 
radar-supported, automatic headway control) are further improved and can still be more 
versatile. An e xample for it is radar supported, automatic headway control. In the process of 
evaluating an object configuration, further information, in addition to the radar signal, is 
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provided by the detection of an object ahead using the geographic information. This 
considerably increases the certainty of detection in difQcult situations such as like, for 
example, in curves or with bridge piers. With gear change-adaptation, the geographic 
information is now available in addition to the current valueS;^ as an anticipation of future 
valuesrlike {for example, an instantaneous turning moment to derive a moment value for the 
gradient^ or else an instantaneous steering angle deflection to derive a moment value of the 
curve). Thus vehicle situations can be better estimated. For example, it is now possible to 
check, whether a gradient limit value was exceeded for a short time or whether a longer 
gradient section actually lies ahead. 

100281 On the other hand, supplying the invention-related sensor device with geographic 
information facilitates the design of totally innovative systems. A particular highlight here is 
an anticipated curve warning. Especially with commercial vehicles tip-over accidents with 
severe consequences repeatedly occur even with experienced drivers on frequently traveled 
routes. The invention-related sensor dovico arrangement is ideally suited to significantly 
reduce the number of such accidents. Further examples of innovative vehicle control systems 
are a curve Ught, £i.e.^ a forward looking deflection of the headlights depending on the road 
curve}, a warning of upcoming locations where the vehicle cannot pass, like bridges or 
narrow spots, a situation-adapted warning and information management, so as not to overload 
the driver with stimuli, and a predicative diagnosis with actual, local load complexes acting 
on a component. 

100291 Other objects advantages and novel features of the present invention will become 
apparent from the following detailed description of the invention when considered in 
conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[00301 Th e state of the art with r e gard to th e storage of g e ographio information as weH 
aa preforred embodiments of the invention is explained more olosoly by means of drawings. 
f00311 Sho¥m ther e by are: 

[00321 Figure 1 : Storage is a graph which illustrates requirement requirements for 

individual types of information with a commercial digital roadmap : and [[.]] 

[00331 Figure 2 a) and b) : Storag e are graphs which illustrate r e quirem ^ requirements 

for individual types of areas with a commercial digital roadma n: and [[,]] 

[00341 Figure 3 a) to c ): Sch e m e s of show each preferred e mbodim e nt embodiments of 

the invention. 

[00351 In Figure 1 the storage requirements for individual types of data with a 
commercial digital roadmap are visualized shown as a pie chart. Especially depicted here is 
the storage requirement of a digital roadmap in the form of a CD-ROM for Germany by the 
NavTech Company. In the following section various types of data stored according to the 
state of the art will be explained briefly. 

[00361 Addresses, e.g., street names and house numbers, are the geographic information 
used as the starting and arrival points in navigation. Restrictions relate to unauthorized 
crossing at crossovers intersections, {e.g., turning prohibitions). Attributes are associated data 
providing additional information, for example, number of lanes on a roa d, while . Geom e try 
geometrv relates to the geographic representation of the distance with edges and nodes. 
TopoloR V. on the other hand, is the logical interconnection of distances and nodes. Polygons 
relate to information to be visualized during navigation, e.g. the boimdaries of woodland or 
citie s: and [[.jj POI relates to points of interest which can be used as starting, arrival or 
intermediate points during navigation, landmarks, for instance. It can be clearly seen in 
Figure 1, that solely simplv by omitting information 4ike such as "addresses" and "polygons". 
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that is efily needed only for navigationr-b«t and not for the operation of vehicle control 
systems, forty-two percent less storage space is required. 

[00371 In Figure 2 a) and b) the storage requirement is shown for individual areas for the 
same commercial digital roadmap as depicted in the pie chart of Figure 1. Li the process 
"open spaces"[[,]] (i.e., outside urban and village areas}, are differentiated from "built-up 
areas", i. e ., in such ar e as . Figure 2 a) thereby shows the number of edges allotted to each 
areaf f:l K while Figure 2 b) shows the nimiber of nodes allotted to each area. From this figure 
Figures 2 a) and b) it can be cl e arly seen[[,]] that just by omitting geographic information 
about **built-up areas ", i.e. (areas not suitable for a useful operation of most vehicle control 
systems}, between sixty-seven and seventy-four percent less storage space is required. 
[00381 Figures 3 a) to c) in e ach cose schematically depict preferred embodiments of the 
invention. Figure 3 a) shows a telematics platform^ . Th e tolomaticG platform which 
comprises various devices and calculators in a single packaged circuit. Aft Such devices and 
calculators include additional positioning sensor[[J] (GPS}, the invention-related sensor 
devic e arrangment including a 64 MB buffer, an additional 8 MB buffer for intermediate 
storage of calculations, an appliance a device for the communication between the vehicle and 
extemal umts[[,]] (GSM}, and also for short range communications, (DSRQ. This telematics 
platform is very versatile. Actually, positioning of the vehicle is carried out by this device. 
With it the vehicle includes the telematics platform of a centrally based navigation and 
management system at th e sam e time as well as a road impact fee calculator. According to 
this invention it additionally, provides geographic information to the vehicle. 
[00391 In Figure 3 b) the invention-related sensor d e vic e arrangement comprising a 64 
MB buffer and the in- vehicle component of the centrally based navigation and management 
system are combined into one a single imit, "Fleetboard Reduced™". This unit includes the 
in-vehicle component of the centrally based navigation and management system and is able 
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to perform its own calculations. However, it does not include any additional sensors, e.g. 
positioning sensors. These additional sensors are included in a separate unit to calculate road 
impact fees. The ETC imit comprises, in addition to its own calculator, an additional 
positioning sensor, GPS, an additional 8 MB buffer for the interim calculation storage, the 
communication appliance between the vehicle and external imits, GSM, and also the 
^pUance for short range communications DSRC. Apart from its main function, the 
independent calculation of road impact fees, the ETC unit by means of an information 
exchange provides information from the additional sensors to the "Fleetboard Reduced™" 
unit as a *T)y-product". According to the invention. The "Fleetboard Reduced™*' imit 
provides vehicle control systems with geographic information. 

[00401 In Figure 3 c)^ the invention-related sensor d e vice arrangement comprising a 64 
MB bufier and a road impact fees calculator are combined into a single ETC imitl[,]]. Se? 
apart from Therefore, in addition to the invention-related sensor device and the built-in road 

impact fees calculator, the ETC imit includes an — additional a positioning sensor, 

£GPS}, an additional 8 MB buflFer for the interim calculations storage of [[,]] the 
commimication appliance between the vehicle and extemal imits[[,]] {GSM}, and also the 
applianc e device for short range communications, DSRC. The main frmction of the ETC unit 
is oaloulations of to calculate road impact fees. The ETC unit For this purpose, it 
exchanges information with the "Fleetboard Reduced™" imit. For example, the ETC unit 
receives a route provided by the centrally based navigation system via the "Fleetboard 
Reduced™" imit. Here the ETC unit provides the system in the vehicle with the information- 
related geographic information. 

[00411 The foregoing disclosure has been set forth merely to illustrate the invention and 
is not intended to be limiting. Since modifications of the disclosed embodiments 
incorporating the spirit and substance of the invention mav occur to persons skilled in the art, 
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the invention should be construed to include everything within the scope of the appended 
claims a nd equivalents thereof. 
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